New process of developing nanocrystalline FeCr for fuel cell application by Othman, Mohd. Ashraf
NEW PROCESS OF DEVELOPING NANOCRYSTALLINE FeCr 
FOR FUEL CELL APPLICATION 
Ketua penyelidik: Prof. Madya Mohd. Ashraf Bin Othman 
Ahli penyelidik: Prof. Dr. Ing. Ir. Darwin Sebayang 
Prof. Sulaiman bin Hj. Hasan 
Dr. Ing. Pudji Untoro 
Dr. Mat Husin Bin Saleh 
Tjipto Sujitno 
Deni Shidqi Khaerudini 
Hendi Saryanto 
Egi Agustian 
Dafit Feriyanto 
GERAN PENYELIDIKAN FUNDAMENTAL RESEARCH GRANT SCHEME 
NO. VOT. 0759 
UNIVERSITI TUN HUSSEIN ONN MALAYSIA 
ABSTRACT 
The objectives of this study are to explore the high energy ball milling combined 
with ultrasonic treatment to develop smaller crystallite size, finer surface 
morphology, higher thermal stability and more homogenous nanocrystalline FesoCr20 
alloys. The process that combined both is not hlly investigated. They are carried out 
by high energy ball milling with milling time of 60 h and ultrasonic treatment using 
frequency of 35 kHz at various period of 3 h, 3.5 h, 4 h, 4.5 h, and 5 h. 
Characterization was carried out to all sample by X-Ray Diffraction (XRD), 
Scanning Electron Microscope (SEM) and Energy dispersive X-ray Diffraction 
(EDS), Thermo Gravimetric Analysis (TGA) and Particle Size Analyzer (PSA). The 
result showed that the combination process (milling combined with ultrasonic 
techniquelnamed of milled and UB) samples effectively increased the solid solubility 
of Cr to Fe up to 62.1% and decreased the crystallite size to 2.71 nrn at milled and 
UB 4.5 h, and have finer surface structure. Composition of combination samples are 
at suitable composition of 20.05 wt?h Cr and 79.95 wtOh Fe compared with raw 
material, ultrasonic treatment (UB) samples and milled 60 h sample. Lower 
gradation is observed on combination sample at 1 100 OC up to 12.7 mg/ 52 M h ,  48 
wt% and 25 wt% which is compared with FesoCrZo as raw material, UB samples and 
milled 60 h sample, respectively. The particle size decreased up to 5.23 pm and 
particle size distribution of combination process relatively increased up to 89.57% 
compared with UB samples, and milled 60 h sample. 
ABSTRAK 
Objektif kajian ini adalah untuk meneroka bola penggilingan tenaga tinggi 
digabungkan dengan ultrasonic untuk mengembangkan menghaluskan ukuran kristal, 
menghaluskan morfologi permukaan, menstabilkan habayang lebih tinggi dan 
mendapatkan paduan yang lebih homogeny nanokristalin FesoCr20 serbuk aloi. 
Gabungan proses masih terhad diselidiki. Dalam kajian ini tenaga yang tinggi pada 
bola pengilingan digunakan dengan masa pengilingan 60 h dan perlakuan ultrasonic 
dengan frekuensi 35 kHz pada perbezaan masa iaitu 3 h ,3.5 h, h ,4.5 h , dan 5 h . 
Kajian terperinci telah dijalankain untuk semua sarnpel oleh X -Ray Belauan (XRD), 
Mikroskop Imbasan Elektron (SEM) danTenaga serakan X -ray Belauan (EDS), 
Thermo Gravimetric Analisis (TGA) dan Saiz Zarah Analyzer (PSA). Hasilnya 
menunjukkan bahawa proses gabungan (pengilingan digabungkan dengan teknik 
ultrasonik/dinamakan daripada gilingan dan UB) sampel efektif meningkatkan 
kelarutan pepejal Cr untuk Fe sehingga 62.1 % dan mengurangkan saiz kristal 
sehingga 2.71 di gilingan dan UB 4.5 h dan meningkatkan kehalusan struktur 
permukaan. Komposisi sampel proses kombinasi menunjukkan bahawa komposisi 
20 % berat Cr dan 80 % berat Fe telah dihasilkan. Penggredan Rendah dipelihara 
pada sampel gabungan pada 1 100 OC sehingga 12.7 mg 1 52 wt %, 48 % berat dan 25 
% berat yang berbanding FesoCrzosebagai bahan mentah, sampel perlakuan ultrasonic 
(UB) dan gilingan 60 h sampel, masing-masing. Saiz zarah dikurangkan sehingga 
5.23 pm dan saiz zarah pengedaran gabungan proses meningkat sehingga 89.57 % 
berbanding gilingan 60 h sampel UB. 






























23.1 Chromium based alloys 
Chromium based alloys have a crystal structure of Body Centred Cubic (BCC) and are 
not considered as super alloys. Evaporation of chromium species occurs fiom the 
protective Cr203 layer and the poisoning effects of these species occur at the electrolyte 
interface (Bastidas, 2006). 
Chromium-based alloys were initially developed as a replacement of ceramic 
interconnects for electrolyte-supported planar SOFC. They are favoured because they 
have high oxidation resistance and fairly good corrosion resistance are provided by the 
formation of Cr203 scale in the presence of oxidant. The binary metal oxide Cr203 has 
large electronic conductivity (Zhong et al., 2003 and Yang el al., 2004). Thicker 
corrosion scales grow in the carbon-containing atmosphere (methane, propane, 
Liquefied Petroleum Gas (LPG) and coal gas) due to the formation of carbides 
(Bastidas, 2006). According to Zhu Wei-zhong, Yan Mi, (2004) that the Cr based alloys 
have main weakness as metal interconnect i.e. high oxidation level and deveIoping Cr 
(VI) gas species which is easy to volatilize at the fuel cell operating temperature. The 
fhther oxidations of the Cr203 scale usually occur at the higher oxygen partial pressure 
in the end of the cathode prior to the electrochemical reduction of the oxygen. The Cr 
based alloys of this research have several properties that influence the result of the 
research. Material properties of Cr powder can be seen in Table 2. 8 (John Emsley, 
201 lb): 
Table 2. 8 Properties of chromium powder (John Emsley, 201 1 b) 
Properties 
24 
5 1,996 
1 900°C/2173K 
2672OCI2945K 
1.2 . 1 uZY [mJ] 
267 [Pa] 
7161 [Pa] 
7.1 5 [glcm3] 
Atomic number 
Atomic mass 
MeIting point 
Boiling point 
Atomic volume 
Vapor pressure at 1 800 "C 
at 2200 OC 
Density at 20 OC (293 K) 
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